Introduction
Corruption hinders firm productivity by diverting resources away from their best uses. It does so, among other channels, by increasing the premium on rent seeking, creating secrecy and uncertainty and undermining public resources. Corruption also promotes excessive regulation, further empowering bureaucrats to extort rents and amplifying corruption's negative effects on productivity (e.g. Shleifer and Vishny 1993; Banerjee 1997; Aidt 2016) . Adverse effects of corruption on talent, investment, innovation, entrepreneurship, growth and public resources are well documented in the literature (e.g. De Soto 1989; Murphy et al. 1991 Murphy et al. , 1993 Mauro 1995; 1998; Tanzi and Davoodi 1997; Wei 2000; Djankov et al. 2002; Gamberoni et al. 2016; d'Agostino et al. 2016; Cieslik and Goczek 2018) .
Empirical studies such as Meon and Sekkat (2005) and De Rosa et al. (2010) show that corruption is more damaging for economic performance at higher levels of regulation or lower levels of governance quality. Some studies also find that corruption eases the burden of excessive regulation and thereby improves economic performance (e.g. Leff 1964; Lui 1985; Dreher and Gassebner 2013) . However, as pointed out in several studies, such as Campos et al. (2010) , there is no widespread evidence for the latter. One reason is that corruption may speed the bureaucratic process in the short run, but in the long run, it will lead to more regulation and cause more damage in the economy.
Building on the above literature, in this paper, we use firm-level survey data on 39,732 firms in 111 countries collected by the World Bank's Enterprise Surveys between 2009 and 2017 to test the hypothesis that corruption impedes firm productivity more at higher levels of regulation.
Corruption is measured with three indicators: bribe rate (measured as the percentage of bribes in firms' sales), bribery incidence (percentage of firms from which bribe is requested by public 3 officials at least once) and bribery depth (percentage of public transactions for which a gift or informal payment was requested). Regulation is measured with two indicators: percent of management time spent on complying with regulatory processes and number of visits made to the tax office to meet with tax officials. Productivity refers to labor productivity computed as sales of firms per worker.
We estimate the model using sample weighted OLS (Ordinary Least Squares) regression analysis. To mitigate the endogeneity problem, we control for country, industry, sector, region and year fixed effects, and extensive numbers of productivity determinants cited in the literature. To further mitigate the endogeneity between productivity and corruption and regulation, we use the averages of the latter two over all other firms in the cell, where cell is defined as the group of firms in the same size category, industry and city within a country.
We find that the negative relationship between corruption and productivity is amplified at high levels of regulation. In fact, at low levels of regulation, the relationship between corruption and productivity is insignificant. To fix ideas, we find that a 1 percent increase in bribes that firms pay to get things done, expressed as the share of annual sales, is significantly associated with about a 0.9 percent decrease in productivity of firms at the 75 th percentile value of regulation (high regulation). In contrast, at the 25 th percentile value of regulation (low regulation), the corresponding change is very small and statistically insignificant, though it is still negative. This paper is the first using global firm-level data to investigate the interlinkages between corruption, regulation and productivity and it is among the handful of firm-level studies on the subject. To the best of our knowledge, De Rosa et al. (2010) is the only other study using international firm-level data to analyze the corruption-regulation-productivity nexus. However, their data cover only 28 countries in Central and Eastern Europe and the Commonwealth of 4 Independent States in 2009. They find that corruption decreases productivity more at higher levels of regulation. Other differences of our study from De Rosa et al. (2010) are that we include larger numbers of controls, remove outliers using a command developed for sample weighted data, and provide numerous sensitivity analyses.
The rest of the paper is organized as follows. The next section provides a brief analysis of the theoretical and empirical literature followed by Section 3 explaining the data and methodology.
Section 4 provides a brief overview of the descriptive statistics. Section 5 presents the empirical results, and Section 6 concludes the paper.
Literature review

Theoretical literature
Economic theory suggests several channels through which corruption impacts growth and productivity in the private sector. For example, Murphy et al. (1991) and Shleifer and Vishny (1993) show that corruption retards productivity by shifting talent, investment and technology away from their most productive uses, as it raises the returns to rent-seeking activities vis-à-vis productive activities. Uncertainty associated with bribes, arising from the random demands of bureaucrats for bribe on the same projects, either causes firms to adopt easily reversible suboptimal production methods, the so called "fly-by-night" production technology, or completely shut down their operations Choi and Thum 1998) .
Demand for secrecy associated with corruption opens other channels through which corruption retards economic outcomes . In this case, government's decision on rewarding projects is based more on the potential that those projects offer for secrecy than the social value of the projects, distorting resource allocation. Demand for secrecy also prevents efficient and innovative firms from entering markets through red tape, if they pose the 5 threat of exposing corruption. Corruption also retards growth and development by decreasing government revenue and the quality of public services (Tanzi and Davoodi 1997) .
Unlike corruption, theories of regulation are less clear about the effect of regulation on economic performance and productivity. The public interest theory of Pigou (1938) , the oldest and the most influential theory of regulation throughout the last century, postulates that regulation is necessary to correct market failures caused by monopoly and externality. However, according to Shleifer (2005) , this theory fails to recognize that competition and private litigation can address many of these market failures.
The contract theory of Coase (1960) and the capture theory of Stigler (1971) challenge the public interest theory further by asserting that regulators are incompetent, corrupt and captured by vested interest groups, therefore, they are highly unlikely to have any incentive to correct for market failures. Coase (1960) proposes to address market failures through independent courts enforcing contracts based on laws. However, the weakness of this model is that it relies heavily on courts being impartial, informed and incorruptible, while evidence shows that courts can also be inefficient, politically motivated, slow, and corrupt (Djankov et al. 2003a; Shleifer 2005) .
As an alternative to these traditional models of regulation, Djankov et al. (2003b) and Shleifer (2005) offer the enforcement theory of regulation. This model is based on the recognition that optimum institutional design requires choosing among the alternative theories (mentioned above) based on analysis of the trade-off between the social costs and benefits of those alternatives in different institutional environments. They point out that market discipline is the best option to the extent that it can address the failure, but it may not always be sufficient, in which case other theories will be called upon. They present firm entry as an example to be left to market discipline and safety standards and security issuance to be regulated by government.
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Recent theories of corruption and regulation often recognize the feedback between them (e.g. Banarjee 1997; Guriev 2004) . For example, Banerjee (1997) predicts that red tape is used by bureaucrats for two reasons: (i) to screen in the users with high willingness to pay bribe, in which case it will be placed on those users who have a low probability of obtaining the service or good; and (ii) to screen out the users with low ability to pay bribe, in this case the users with high ability to pay and high probability to obtain the service will be the subject of the red tape. That public rule is prone to public abuse and the scope of this abuse increases as the public rules increase is well recognized by many studies, such as Shleifer (2005) . This premise is the basis of our hypothesis: corruption becomes more entrenched and therefore, more detrimental to productivity at higher levels of regulation. Consequently, all the negative effects of corruption cited above are expected to be more pronounced at higher level of regulation.
For example, uncertainty arising from the demands of different bureaucrats for bribes on the same projects forces firms to adopt easily reversible and potentially sub-optimal production methods. Arguably, the stated uncertainty can only increase as regulation becomes more widespread, intricate and excessive. For example, heavier regulation through an increase in the number of procedures required to obtain an import license gives greater leeway for bureaucrats to exercise their power for extraction of rents, exacerbating uncertainty. Similarly, as regulation becomes more excessive, it offers greater benefits to those who are able to bribe their way through.
Empirical literature
Empirical analyses of corruption and economic performance generally rely on macro-level data. For example, Mauro (1995) analyzes the association of corruption with investment and growth and he finds that corruption reduces both. Wei (2000) provides evidence that both tax on foreign direct investment (FDI) and the corruption level in the host country decrease inward FDI.
7 Meon and Sekkat (2005) and Lambsdorff (2004) find evidence that the negative impact of corruption on economic growth and productivity, respectively, becomes worse as the quality of governance deteriorates. Similarly, Loayza et al. (2004) provide evidence that heavier regulation goes hand in hand with worse governance in adversely affecting economic growth and macroeconomic volatility. Salinas-Jimenez and Salinas-Jimenez (2007) show that corruption reduces both the level and growth rate of total factor productivity and the main channel of this effect is the reduction in technological change.
Among the micro-level studies, Fisman and Svensson (2007) is one of the early studies employing firm-level data from Ugandan Industrial Enterprise Surveys covering 243 firms in 1998. They investigate the impact of corruption and taxation on growth, instrumenting bribe and taxation with their industry-location averages to address a potential endogeneity problem. After excluding outliers, they find that a 1 percent increase in the bribe rate is associated with about a 7 percent decrease in growth. They do not find any significant relationship between taxation and growth. Another micro-level study, carried out by Aghion et al. (2016) , employing data from the U.S. Census Bureau for 1983-2007, finds that higher corruption decreases the positive effect of taxation on growth, innovation, and entry. Diwan et al. (2015) employ data from 469 firms connected to the Mubarak regime in the Arab Republic of Egypt during 1996 Egypt during -2006 to analyze whether they received favorable regulatory treatment and had a negative impact on productivity. They find that those firms were more likely to benefit from trade protection, energy subsidies, access to land and regulatory enforcement and there was a slowdown in the employment growth and productivity in the industries after their entry into them, as that skewed the distribution of employment towards less productive and smaller firms. De Rosa et al. (2010) of regulation and corruption on productivity. They find that an increase in the incidence of bribes from zero to one decreases productivity by 0.045 percent, while an increase in time spent on tax administration does not have a significant impact. They also show that corruption reduces productivity more when it is more prevalent and the legal framework is weaker.
Data and methodology
In this section, we discuss the data and the estimation methodology used in the empirical analysis.
The analysis is based on the surveys from 39,732 firms conducted by the World Bank's Enterprise Surveys in 111 economies during [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] [2017] . A common sampling methodology -stratified random sampling -was followed in all the surveys along with a common questionnaire.
1
The sample for each country was stratified by industry, firm-size, and location. Sampling weights, which take into account the industry-size-location strata, are provided in the survey and used in all the analyses, including regressions, descriptive statistics and graphs, to ensure that the sample is representative of the non-agricultural private sector of the economy.
We start our analysis with data from 40,613 firms in 111 economies that have observations on the main variables used in the analysis. After excluding the countries with three and fewer cells and treating the sample for outliers using a program developed for data with sampling weights, the sample size drops to 39,732 firms in 111 economies. The sample size reduces slightly to 39,650 with the inclusion of the variable proxying for the investment of firms, which is a dummy variable showing whether firms bought assets in the previous year. ES data also have an indicator on the capital-labor ratio. However, since this indicator has too many missing observations, reducing the sample size from 39,000 to 12,000, we opted for the above-mentioned indicator.
Inclusion of the share of the labor force with a high school degree (which proxies skilled labor share) and raw materials in the analysis decreases the sample size to 28,979 and 17,132 respectively, due to missing data. Since there are no other proxies for skilled labor and raw materials, we reported the results with these variables for a robustness check. The definitions of the variables, list of countries, and the summary statistics and correlation coefficients of all variables used in the regressions are reported in Tables A.1 and A.2, while the distribution of the main variables of interest are presented in Figure 1 in the appendix. We estimate the model using OLS regression analysis that accounts for sampling weights (using the svy command in STATA) and country, industry, sector and region dummies to address potential endogeneity issues.
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The identification of our results comes from differences across firms within a region, country, sector and industries, a strategy that is less prone to endogeneity problems than one based on cross-country and cross-industry regressions. To further mitigate the endogeneity concerns, we proxy the level of corruption and regulation faced by a firm by the average level of corruption and regulation experienced by all other firms in the same size-industrycity cell (details below).
To see how the relationship between corruption and productivity of firms varies depending on the level of regulation, we take two approaches. First, we use the interaction term between corruption and regulation in our regressions. Second, we estimate the corruption-productivity relationship separately for the sample of firms that face a high level of regulation and those that face a low level of regulation (split sample approach). Despite the attempts, due caution is necessary in interpreting our results based on cross-section data. That is, while the results are 3 Year trend is also included in the analysis to control for global shocks that took place in different years during 2009-2017, when data were collected for 111 countries covered by the analysis.
suggestive of a possible causal effect of corruption and regulation on the productivity of private firms, they are not necessarily causal.
Description of variables
Our dependent variable, productivity, refers to labor productivity defined as the log of total annual sales of the firm (in 2009 USD) during the last fiscal year divided by the total number of permanent full-time workers employed by the firm at the end of the last fiscal year (Productivity). The mean and median values of Productivity are 9.79 and 9.83, respectively, while its minimum and maximum values are 2.63 and 16.87, respectively. This indicates that the log of productivity is normally distributed and varies substantially across firms (Table A. 2).
Our main explanatory variables include measures of corruption and business regulations faced by the private firms and the interaction term between the two. Regarding corruption, the ES asked firms the amount of bribes firms like "themselves" pay as a percentage of their sales to public officials to "get things done". Note that the bribe amount is for other firms and not the firm in question. This is because firms may not feel comfortable reporting their own bribe payments.
However, it is expected that the responses of firms to the question most likely reflect their own experience with bribery.
Using the reported bribery rate (henceforth, bribes) in the regression directly is problematic. Bribes paid by a firm is likely to be endogenous to various firm characteristics such as its size, location, industry, et cetera. In fact, a feedback effect from productivity to bribes cannot be ruled out. For instance, the opportunity cost of waiting to obtain a license is likely to be greater for the more productive firms. Hence, these firms may be targeted by government officials for higher bribes.
One approach suggested in the literature to mitigate the endogeneity issue mentioned above is to proxy the firm-level bribes with the average value of the variable taken over all other firms in the industry-size-city cell (e.g. Fisman and Svensson 2007; De Rosa et al. 2010; Dollar et al. 2006) . The assumption here is that a firm's experience with corruption is likely to be correlated with the experience of other similar firms in the cell. Thus, it would be a good proxy for corruption faced by a firm. At the same time, there is little reason to expect the firm's own productivity level and other characteristics to have any causal impact on the level of corruption faced by the other firms in the cell, giving validity to the proposed strategy.
Thus, we define our main corruption variable as the average value of bribes paid to get things done as reported by the firms and expressed as percentage of firm's annual sales, where the average (of bribes to sales ratio) is taken over all other firms, excluding the firm in question, in the industry-size-city cell (Corruption). In our sample, there are 7 industries, three firm-sizes (small, medium and large) and 418 cities.
For regulation, we use the ES indicator on the share of the senior management's time spent on dealing with business regulations. Similar to corruption, we use the average value of the variable over all other firms in the industry-size-city cell (Regulation). Note that our regulation measure is a de facto measure rather than a de jure measure (rules on the books) typically used in the literature. We believe that this is an important distinction as what is likely to exacerbate the adverse effects of corruption is not just the regulations on the books, but the leeway that bureaucrats and politicians have in their interpretations and implementation. Our regulation measure has been used in other studies such as Duvanova (2014) .
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The interaction term, our key explanatory variable, is given by the product of Corruption and Regulation. It captures how the relationship between productivity and corruption depends on the level of regulation faced by the firms.
For robustness, we employ alternative measures of regulation and corruption. For regulation, we use the average number of visits or required meetings with tax officials averaged over all other firms in the cell (Regulation 1). For corruption we use bribery depth (percent of public transactions where a gift or informal payment was requested) and bribery incidence (percent of firms experiencing at least one bribe payment request), both averaged over all other firms in the cell (Corruption 1 and Corruption 2, respectively). Details of the public transactions for which bribe payments were expected or requested are provided in table A.1.
Other control variables
As discussed above, reverse causality from firm productivity to the average value of corruption and regulation faced by all other firms in the cell is highly unlikely, although it cannot be ruled out completely. A relatively bigger concern with our regression results is the omitted variable bias, even though part of the bias is addressed by using the cell-averages instead of firms' own values.
To further mitigate this issue, we control for a wide range of variables as well as their interaction terms with corruption and regulation. The choice of control variables is based on the existing literature on the covariates of productivity, corruption and regulation, explained in detail below.
First, we include in the regressions the log of GDP per capita as well as the dummy variables of countries where the firm is located (country fixed effects). Controlling for GDP per capita and country fixed effects ensures that our main results (for corruption and regulation and interaction between them) are not spuriously driven by macro-level variables such as the overall institutional and regulatory environment of countries. To provide an example, richer countries are 13 known to have lower levels of corruption and regulation, but they also have better physical and financial infrastructure which could have direct impacts on productivity. Thus, in the absence of country fixed effects, our corruption and regulation variables could easily spuriously pick up the effects of physical and financial infrastructure on productivity.
Second, productivity differences can also arise across industries and sectors. If industries or sectors that have high productivity also happen to be with low or high corruption and/or low or high regulation, then our main results could suffer from omitted variable bias problem. To guard against this possibility, we control for industry and sector fixed effects. Our data have 9 one-digit industries and 3 sectors, including manufacturing, retail and services. We also include region dummies and year trend in the analysis to control for region specific characteristics that may affect productivity and potential effects of global shocks that took place in the years when the data were collected.
The next set of controls includes size, age, export status and foreign ownership. There is a fair amount of literature on the importance of these variables for the productivity of firms. Among other factors, the positive relationship between firm-size and productivity is often attributed to greater allocative efficiency for the relatively larger firms (Tybout 2000; Bartelsman et al. 2013 ).
Firm-size is also considered an important proxy measure for several firm attributes such as access to finance, access to raw materials and product markets, tendency to innovate, exporting activity, firm-efficiency, and growth (e.g. Acs and Audretsch 1988; Cohen and Klepper 1996; Pagano and Schivardi 2003; Söderbom and Teal 2004) . For firm-size, we use (log of) number of full-time permanent workers at the firm at the end of the last fiscal year (Firm size).
Substantial work has also been done linking productivity and age of the firm. Age related effects among surviving firms may be due to a number of reasons, including scale economies gained from expansion over time, vintage effect due to younger firms employing new and improved technology or equipment, selection effects which weed out inefficient firms implying higher productivity for the surviving older firms, and of course passive learning or learning by doing (see for example , Jovanovic 1982; Zimmerman 1982; Bahk and Gort 1993; Jensen et al. 2001; and Thompson 2005, 2010 ).
Productivity differences between exporting and non-exporting and foreign and domestic firms have long been at the center of research. There is robust evidence that exporting activity is positively correlated with productivity, although it is not certain if exporting causes firms to become more productive or productive firms self-select themselves into exporting activity (Bernard and Jensen 1999; Melitz 2003; Wagner 2007) . Similarly, firms with foreign ownership enjoy numerous benefits such as better access to modern technology, greater access to international markets, etc. These benefits in turn translate into improved productivity. If the levels of corruption and regulation faced by firms vary systematically with exports or foreign ownership, it could result in an omitted variable bias problem with our results. For exporting activity, we use a dummy variable that indicates whether the firm exports or not (Exporter).
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For foreign investments, we use the proportion of the firm that is owned by foreign individuals and companies (Foreign).
The subsequent set of controls includes measures for firms' access to finance and the characteristics of managers. Access to finance is frequently cited as one of the biggest obstacles faced by firms in developing countries (Levine and Zervos, 1998; Beck et al., 2000; Benhabib and Spiegel 2000; Midrigan and Xu 2014; Heil, 2017) . We use three measures of access to finance. A dummy variable indicating if the firm has overdraft facility (Overdraft), and two dummy variables indicating if access to finance is a major or severe obstacle to firm's operations (Fully Constrained) 4 We use a 5% cut-off level for the proportion of output sold in international markets for a firm to be classified as an exporter. We experimented with other cut-off levels but this did not change our main results qualitatively. or moderate obstacle (Partially Constrained) as opposed to slightly constrained or not constrained at all.
A number of studies have analyzed gaps in productivity stemming from the manager's gender and quality. Firms owned/managed by women tend to have lower productivity than those owned/managed by men (Coleman 2000; Du Rietz and Henrekson 2000; Sabarwal Terrell 2008) . This is likely to be due to differences in the size of the firms managed by women, difficulty that women face relative to men in obtaining finance, and social attitudes that tend to discourage women's economic participation. We control for this with a dummy variable indicating if the top manager of the firm is female or not (Female manager). Differences in the quality of management, for reasons other than the gender of the top manager, have been found to impact firm productivity (see for example, Bloom and Van Reenen 2007; Syverson 2011; Pfeifer 2015) . Differences in education and experience of the top manager could be the possible factors driving differences in management quality. We control for this using a proxy measure which equals (log of) the number of years of experience the top manager of the firm has working in the industry (Manager's experience).
The higher the innovative activities of firms and training provided to employees the higher will be the expected productivity according to the endogenous and human capital-based growth theories (Lucas 1988; Romer 1990) . To account for these effects, we included dummy variables on whether the firm has an internationally recognized quality certification (Certification) and whether it provides formal training for its permanent, full time employees (Training) as well as the share of employees who completed high school (Skills).
Institutional quality and secure business environment are essential for day to day activities of firms. Therefore, we also include indicators on the quality of courts (Courts) and crime (Crime).
Quality of courts is measured as a dummy variable averaged over all other firms in the industrysize-region cell. The variable is equal to 1 if the firm reports the functioning of courts as a major, severe, or very severe obstacle for its current operations and 0 if it reports it as a minor or no obstacle. Crime dummy takes on 1 if the firm experienced losses due to theft, robbery, vandalism or arson in current fiscal year and 0 otherwise.
Factors of production are incorporated in the model last, as their sample size is smaller than the other indicators. We proxy physical investment using a dummy variable for whether firms bought assets in the previous year (Assets). Skill of the labor force is measured through the share of the firm's permanent full-time workers who completed high school (Skills) and the raw materials are measured as the ratio of materials in 2009 USD to permanent full-time employees.
Interaction terms as controls
The control variables discussed above are all level variables and filter out several possible ways in which the estimated relationship between corruption, regulation and productivity could be biased.
However, our focus is not on the level of corruption and regulation but their interaction term. The level controls do not control for the fact that the differential impact of corruption on productivity depending on the level of regulation could be spuriously picking up the differential impact of corruption for example depending on firm-size under the assumption that firm-size and regulation are correlated.
To provide an example, De Rosa et al. (2010) report evidence that the negative impact of corruption on firm productivity is much higher for non-EU countries than for the recent EUmember countries in their sample. The authors conclude that since the levels of institutional quality are generally higher in EU countries, it is likely that the effects of corrupt behavior on firm performance vary depending on broader country characteristics. Clearly, there are numbers of 17 potential candidates for the broader country characteristics other than regulation. In order to remove any lingering concerns about the possibility of spurious correlation mentioned in the previous paragraph, we interact all controls discussed above, including industry, country, region, year fixed effects, with both the corruption and regulation variables. The resulting interaction terms are then added as additional controls.
Non-monotonic effects of corruption and regulation
One issue that remains is that corruption and regulation are not completely independent of one another. That is, corruption creates incentive for more regulation and more regulation leads to higher corruption. This suggests the possibility that the impact of our interaction term between corruption and regulation might pick up the non-monotonic effect of corruption/regulation on productivity. For instance, using cross-country data and various indicators of corruption, Mendez and Sepulveda (2006) find evidence of a non-monotonic relationship between corruption and economic growth with the relationship being negative only at sufficiently high levels of corruption incidence. To rule out the possibility, we also control for the square of corruption and regulation variables.
Descriptive statistics
This section provides a brief overview of the descriptive statistics of the main variables and their patterns across countries, regions and income groups. (see Section 3 and Table A.1. for descriptions of the variables.) All the main variables of interest, i.e. productivity, corruption, regulation and the interaction term between the latter two, are in natural logarithms. To mitigate a potential endogeneity between firm's productivity, corruption and regulation, we use averages of corruption and regulation over all other firms, excluding the firm in question, in the same industry- An overarching finding of the simple statistical analyses of the main variables of interest is that association of productivity with corruption and the interactive term between corruption and regulation is consistently negative across countries, regions and different income groups ( Figures   2 to 4) . That is, countries, regions and income groups with lower corruption and the interactive term between corruption and regulation also tend to have higher productivity. Furthermore, productivity increases with the income levels of countries, while corruption and the interaction term between corruption and regulation decreases. There is no such clear pattern for regulation.
Regression analysis of corruption, regulation and productivity
Our estimation is based on the following standard linear Ordinary Least Square (OLS) model that incorporates country, industry, sector and region fixed effects and time trend:
where y is labor productivity (henceforth, productivity), X is control variables; i, j, s, c denote firm, country, industry and cell, respectively; , , , denote country, industry, sector and region dummies (fixed effects), respectively. We also include year trend in the model to control for the potential impact of global shocks in different years on productivity, given that data across 111 countries were collected throughout 2009-2017.
The results of the baseline model without any interaction terms are reported in Table 1 . As observed, irrespective of the set of controls in place, there is a significant negative correlation between productivity and corruption. Specifically, a 1 percent increase in corruption is associated with around a 0.32 percent decrease in productivity (Table 1) .
For the remaining variables, there is no statistically significant relationship between regulation and productivity, once the control variables are included (Table 1) . Firm-size has a significant positive relationship with productivity, but this relationship becomes insignificant once we control for training provided to employees and the innovative capacity of the firm (Certificate).
Thus, one possibility is that the impact of firm-size on productivity travels mainly through its impact on innovation and skills acquired through training. As expected, productivity is significantly higher for exporting firms; firms with higher share of foreign ownership; better access to finance; higher innovative capacity; and higher training opportunities for their employees. As Table 1 shows, these findings hold irrespective of the set of controls in place. In all regressions, we also included per capita income, prevalence of crime, perception of firms on the impartiality of courts, manager's experience, and gender. We have not reported the results for these variables 20 for brevity and the fact that all but income per capita (which always had a positive sign) was insignificant in most regressions.
Baseline regression with interaction terms
Next, we explore how the relationship between corruption and productivity depends on the level of regulation in different specifications of the model. To this end, we include three sets of new variables in the baseline model reported in Table 1 : (i) interaction term between corruption and regulation, main variable of interest; (ii) squares of corruption and regulation to factor in any nonlinearity in terms of how these variables correlate with productivity; and (iii) interaction terms of corruption and regulation with all explanatory variables in the model to account for the fact that the impact of corruption and regulation on productivity may depend on factors such as firm-size, exporting status, foreign ownership, etc. th percentile values of regulation. As observed from columns 1 through 8, the coefficient of the interaction term between corruption and regulation continues to be negative, economically large and statistically significant at the 1 or 5 percent level for all the specifications shown. That is, irrespective of the set of controls in place, including square terms of corruption and regulation and all the other interaction terms mentioned above, the coefficient value of the interaction term is always negative, large and statistically significant. The square of corruption enters in the regressions with a negative and significant coefficient while the square of regulation is insignificant in all regressions.
We also computed the total magnitude of the relationship between corruption and productivity evaluated at different percentile values of regulation. As observed from the bottom th percentile values of regulation, the relationship becomes negative and significant in most of the specifications. In particular, a 1 percent increase in corruption is associated with a 0.86 percent to 0.94 percent decrease in productivity at the 75 th percentile of regulation. Only in the regressions with the square of corruption and regulation the total magnitude of the relationship is insignificant. However, since the interaction term is still negative, large and statistically significant in these regressions, it means that the total impact of corruption in these regressions would be significant at much higher values of regulation than its 75 th percentile value we used here.
Results of the regressions incorporating the indicators on investment, skills and raw materials are reported in Table 3 . These indicators are included in the model last, as they have smaller samples due to missing data. As expected, both assets dummy, proxying investment, and skills variable, measured as the share of labor with high school degree, have a positive and significant coefficient until the raw materials indicator enters in the analysis with a positive and significant coefficient. This might be because neither assets dummy nor labor share with high school degree are complete measures of physical and human capital.
Returning to our main variables of interest, as seen from Table 3 , after we control for investment, skills and raw materials, the coefficients of the interaction term between corruption and regulation became much larger than those reported in Table 2 . Furthermore, the total value of the corruption-productivity relationship evaluated at the 75 th percentile of regulation is now significant in all regressions, including those with square of corruption and regulation (Table 3) .
Specifically, as seen in column 6 of Table 3 , which reports the findings of the regression that includes all relevant variables, a 1 percent increase in corruption is associated with a 0.93 percent 23 reduction in productivity at the 75 th percentile of regulation. The corresponding reduction in productivity at the 25 th percentile value of regulation is only 0.046 percent and insignificant at the 10 percent level or less. This provides support for the hypothesis that corruption is more damaging for productivity at higher levels of regulation Djankov et al. 2002 , Banerjee 1997 and Aidt 2016 .
Robustness analyses
To assess whether the results of our main model are sensitive to different specifications and alternative indicators, we conduct two additional analyses. First, instead of using the interactive term between corruption and regulation, we conduct the analysis separately for two samples with low and high levels of regulation (split sample regressions). Second, we run the interactive model using alternative measures of corruption and regulation.
In the split sample regressions, we run the regression model specified in Table 3 , after excluding interaction terms, separately for the "low regulation" and "high regulation" samples, which include the values of regulation below and above the median values of regulation, respectively. As seen from Table A.5, the estimated coefficient value of corruption is negative, economically large and statistically significant for the sample of firms facing high regulation (columns 3 and 4). For the sample facing low levels of regulation, the coefficient of corruption is insignificant (columns 1 and 2). These results support our findings in Table 3 , implying that corruption is negatively associated with productivity at higher levels of regulation. To see whether the results reported in Table 3 are sensitive to different measures of corruption and regulation, we also estimated the model using the averages of bribery depth (Corruption 1), bribery incidence (Corruption 2) and number of visits or required meetings with tax officials (Regulation 1) over all other firms in the industry-size-city cell. As shown in Table   A .6 in the appendix, the coefficient of the interaction term between corruption and regulation is still negative and significant, indicating that the results are robust to different measures of corruption and regulation in the ES data.
Conclusion
Using nationally representative survey data from 39,732 private firms in 111 economies in six different regions of the world, we estimated the relationship between firm productivity and corruption, and how this relationship varies with the level of business regulation. We find robust evidence that on average there is a negative relationship between corruption and productivity, and this negative relationship becomes stronger at higher levels of regulation. In fact, at low levels of regulation (for example, at the 25 th percentile of regulation), there is no significant relationship between corruption and productivity. These findings are consistent with the findings of many prominent studies, such as Shleifer and Vishny (1993) , Djankov et al. (2002) , Banerjee (1997) and Aidt (2016) , pointing out that corruption and excessive regulation reinforce each other and together they are more detrimental to economic performance.
As discussed in the paper, even though we incorporate a wide range of control variables and fixed effects and use cell averages of corruption and regulation, we still cannot entirely rule out the endogeneity problem. As panel data and instrumental variables become available, future studies can address this issue more accurately.
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In addition, there are number of ways in which the negative impact of corruption on productivity is exacerbated by high levels of regulation. Data limitations did not allow us to test through which mechanisms this relationship manifests itself. Furthermore, here we use a broad measure of regulation. The de facto assumption here is that all regulations are similar in how they affect productivity directly and in tandem with corruption. However, regulations are heterogeneous with different effects on productivity and varying degrees vulnerability to rent-seeking activities.
Future work can tackle these issues and help shed more light on the interlinkages between corruption, regulation and productivity. Significance is denoted by *** (1%), ** (5%), * (10%). Following variables are also included in the regression but are not reported in the table: GDP per capita, manager's experience, manager's gender, whether firms reported courts being fair; whether firms experienced crime. a/Fixed effects included are: country, industry, sector, region and year. 
